Background: Brucellosis is a major cause of infertility and reproductive failure in livestock. While cattle in the Eastern Indonesian archipelago suffers from reproductive problems information on bovine brucellosis in the region is fragmentary. The control of brucellosis requires a major and prolonged effort and confirmation of the infection by isolation with detailed knowledge of the spread of the infection is essential when planning a control program. Results: Serological investigation of Brucella infection in beef cattle tended under extensive farming conditions revealed a high seroprevalence (19.3%; 95% CI, 17-22) in the compliment fixation tests. The results of a rapid and simple field test correlated well with the Rose Bengal test (kappa, 0.917) and indicated an acceptable sensitivity (87.5%) and specificity (98.1%) compared with the complement fixation test. Reproductive failure was reported for 39.0% of the cows with a loss of calves due to abortion or early death amounting to 19.3%. Past reproductive failure did not, however, correlate with seropositivity in the complement fixation test (RP = 1.21; P = 0.847). B. abortus biovar 1 was freshly isolated from the hygromas of two cows and together with thirty banked isolates collected since 1990 from different parts of Sulawesi and Timor eight related genotypes could be distinguished with one genotype being identical to that of an isolate (BfR91) from Switzerland. The Indonesian genotypes formed together with BfR91 and one African and one North American isolate a distinct branch on the B. abortus biovar 1 dendogram.
Background
Brucellosis is a major abortifacient zoonotic agent of livestock with a worldwide occurrence [1] . Bovine brucellosis is caused by infection with Brucella abortus [2] . This species and B. melitensis and B. suis, the two other Brucella species of veterinarian importance, are highly infectious and pathogenic organisms that cause infertility, abortion and low productivity in their natural hosts [2] . Establishment of the carrier state in a large proportion of animals can lead to a major reduction in milk yield which together with losses through abortion or early calf death due to B. abortus infection is a huge economic constraint for farmers [3, 4] . In regions where disease surveillance and control measures are not instigated, long-term chronic infections are often associated with carpal hygromas and infertility [5] . Disease presentations in bulls include orchitis, epididymitis and seminal vesiculitis [6] . The ability of the pathogen to survive and replicate within different host cells explains its pathogenicity. Extensive replication in placental trophoblasts is associated with abortion, and persistence in macrophages and other cell types leads to chronic infections [7] . Chronically infected cattle may shed the organism via milk and reproductive tract discharges, and can also vertically transmit infection to subsequently born calves, thereby maintaining disease transmission. Aborted fetuses from infected animals contain huge numbers of infectious organisms and if not properly disposed form a major source of contamination. The pathogen is highly contagious and is easily spread by licking of infected animals and abortion materials, and abortion materials, discharges and waste of infected animals may contaminate stables, meadows, food supplies and water sources. Direct contact with infected animals and consumption of contaminated dairy may cause infection in human beings [8] .
Although few studies have reported the presence of brucellosis in livestock in Indonesia, the infection could well be widespread also because of unrestricted trade between different provinces and islands and the absence of a coherent control policy and surveillance system. In Indonesia, brucellosis was isolated from cattle in Java as early as 1915 [9] . Subsequent serological studies have indicated the presence of bovine brucellosis in cattle in different islands of the Indonesian archipelago including South Sulawesi and West Timor [10, 11] . Porcine brucellosis has been reported in pigs in Java with a seroprevalence in the Rose Bengal test (RBT) of 22.3% for pigs slaughtered in Kapuk Jakarta in West Java and of 14.9% for animals tested at a slaughterhouse in Surabaya in East Java [12] . Infection with B. suis biovar 1 was confirmed by isolation. Although infection of goats and sheep in Indonesia has not been documented, B. melitensis is likely to be present as well. The consumption of milk and other dairy is not popular in Indonesia and possibly for that reason and because of lack of awareness and absence of diagnostic facilities human cases have not been documented in recent decades. However, farmers, veterinarians and butchers constitute potential risk groups and the diagnosis is easily overlooked as symptoms and signs of brucellosis are non-pathognomonic [13] . For the control of bovine brucellosis an effective vaccine is available [14, 15] .
Rearing beef cattle is an important and often the only source of income for the numerous small farm holders found throughout the Eastern Indonesian archipelago. Most cattle kept in the area is indigenous Bali breed [16] . The small scale extensive farming systems employed mainly include stall-feeding with grasses, crop residues and or agro-industrial by-products, and roadside and communal grazing with animals tethered or allowed access to grassland, stubble fields or forest areas. The frequent contact between herds and the generally poor sanitary conditions at farms likely contribute to the transmission and spread of pathogens. Cattle farmers in east Indonesia cope with low productivity and reproductive failure is common. Good quantitative information on brucellosis in the livestock population is essential for demonstrating the benefits of intervention. The aim of the study was to investigate the presence of bovine brucellosis and role of brucellosis in the high incidence of reproductive failure of cattle in South-Sulawesi. To this end an inventory of reproductive problems was made and the seroprevalence was determined for a random selection of cattle farms and animals. Isolation of the pathogen from hygroma fluid samples was attempted to confirm the presence of Brucella and to examine the diversity and spread of Brucella strains isolates were characterized by genotyping and results were compared with the genotypes of a collection of Brucella strains previously obtained from cattle in various parts of Sulawesi and East Timor, another main island in the Eastern Indonesia archipelago. Serological testing requires a major logistic effort with transport of samples to a central laboratory that may delay reporting and use of test results. Thus, to simplify testing we took advantage of this study to evaluate a simple and rapid field test for the serodiagnosis of bovine brucellosis that may be used at the pen side [17] [18] [19] .
Results

Brucella seroprevalence and reproductive failure
The Pinrang district is one of the major cattle rearing areas in South Sulawesi with a total number of cattle amounting to 43.208 and a cattle density of 22 per km 2 . The average seropositivity for brucellosis in cattle was 18.3% (95% CI, [17] [18] [19] [20] [21] in the RBT, 19.3% (95% CI, [17] [18] [19] [20] [21] [22] in the CFT, and 21.9% (range, 3.4-50%) for the two assays combined (Table 1) . Information on reproductive problems was collected from farmers in the Lembang subdistrict. The cattle density for this subdistrict was 23.7 km 2 and the seropositivity rate in the CFT was 30.2% (95% CI, [28] [29] [30] [31] [32] [33] . Of the 182 cows included in this subdistrict 149 (81.9%) had given birth to an average of 2.9 calves (total 534 calves) of which 103 (19.3%) calves from 71 (39.0%) cows aborted or died shortly after birth ( Table 2 ). The percentage of cows with a history of reproductive problems significantly (P < 0.001) increased with age. The average age of the cows with reproductive problems was 6.8 year (range, 3-12) compared with 4.9 year (range, 1-13) for all cows. Seropositivity did not (P = 0.2) increase with age. The prevalence ratio (PR) for abortion and or death of calf was slightly (PR = 1.21; P = 0.249), but not significantly increased for CFT positive cows in comparison with seronegative cows (Table 3) . No correlation was observed between current pregnancy and CFT seropositivity (PR = 0.9; P = 0.385). The distribution of CFT test seropositive cows over the different subdistricts in Pinrang and the village of the Lembang subdistrict is presented in Figure 1 . The distribution of cows with a history of abortion or a death calf in villages in Lembang did not correlated with the distribution of seropositive cows (insert to Figure 1 ) and did not show spatial clustering (Morans I = 0.223, P = 0.785).
Brucella abortus genotypes in the Eastern Indonesian archipelago
MLVA-16 genotyping of two freshly isolated Brucella isolates (BruSS41 and BruSS45) cultured from hygroma fluid collected during the 2011 serosurvey from two seropositive cows present at farms in Pinrang revealed the presence of a B. abortus genotype with a close homology (distance = 2) to several B. abortus biovar 1 isolates from the United States (strains BCCNV1 and BCCNV5) and Switzerland (strains BfR91 and BfR99) previously described by Le Fleche and coworkers [20] (Table 4 ). These two Indonesian genotypes are named BInd41 and BInd45. Strains BCCNV1 and BCCNV5 from the US are also known as the vaccine strains S19 and RB51, respectively. The collection of 25 Brucella isolates isolated between 1995 and 2011 from cattle in Sulawesi stratified in six additional B. abortus biovar 1 MLVA-16 genotypes, named BInd01, BInd03, BInd05, BInd19, BInd33 and BInd37 ( Table 4 ). The MLVA-16 profile of one of these genotypes (BInd33) was identical to that of the previously characterized B. abortus biovar 1 strain BfR91 from Switzerland [20] . The two genotypes determined for five Brucella isolates from East Timor had also been isolated in Sulawesi ( Table 5 ). The maximum distance between the eight Indonesian genotypes was 5.
Forty-two MLVA-16 genotypes have been reported for B. abortus biovar 1 isolates from the old and new world and Africa combined [20, 21] , which together with the eight genotypes determined for the Indonesia isolates makes 49 distinct B. abortus biovar 1 genotypes. The different MLVA-16 panel 1 and 2A loci for this global collection of B. abortus biovar 1 genotypes showed limited variation with 1, 2 or 3 alleles only and a modest variation was observed for four of the panel 2B locus with a maximum D value of 0.729 and with 6 alleles observed for MLVA-16 locus bruce16 ( Table 6 ). The maximum distance between the genotypes of this collection of 44 B. abortus biovar 1 genotypes was ten. In the dendogram constructed for this global collection of B. abortus biovar 1 genotypes from Europe, Africa and the Americans, the Indonesian isolates locate on a branch together with three genotypes originally detected in Europe (BfR91), Africa (BfR96) and North America (BCCNV5) ( Figure 2 ).
Diagnostic characteristics of a rapid and simple pen-side diagnostic for bovine brucellosis
The study was used to confirm the diagnostic performance of a rapid and simple field assay for the serodiagnosis of brucellosis in cattle [17] . Application of the field test on all 393 samples included in this study resulted in a seropositivity of 19.3% (95% CI, [17] [18] [19] [20] [21] and based on the results of the CFT the sensitivity and specificity of this field test was 87.5% (95% CI, 81-92) and 98.1% (95% CI, 
Discussion
The observed very high seroprevalence (19.3% in CFT) of brucellosis in cattle in the Pinrang district of South Sulawesi in the Eastern Indonesian archipelago and the recent isolation of the pathogen from two seropositive cows clearly demonstrated the urgent need for the instigation of appropriate control measures based on mass vaccination. The presence of brucellosis in livestock is detrimental to the production system as it causes abortion, weak siblings and reduced fertility. Information collected from farmers in one subdistrict of Pinrang confirmed that their animals suffered from high abortion rates (11.4%) and mortality during or shortly after birth (7.9%) with 39.0% of the cows having had reproductive problems. With increasing age reproductive problems markedly increased and 71.4% of animals in the higher age group (≥9 year) had suffered from one or more reproductive failure. Various reports from the African continent have demonstrated an association between seropositivity and present or past abortion in livestock [22] [23] [24] [25] [26] [27] [28] [29] [30] . However, no correlation between CFT seropositivity for brucellosis and reproductive problems was found in this study. Cattle with reproductive failure did not show spatial clustering and areas with high reproductive failure did not correlate with high CFT positivity. A possible explanation is that current seropositivity in the CFT test does not reflect a high rate of active circulation of the pathogen and that some seropositive animals were recently exposed to the pathogen without fully supporting infection. Abortion in cattle is a manifestation of acute disease and current seropositivity may not reflect the occurrence of a past infection that caused reproductive failure. Serological testing may not be sensitive enough to detect residual antibody levels of an infection that caused reproductive failure in the past and that has been resolved by the immune system. Also, reproductive failure could be the result of infection by other abortifacient pathogens such as bovine viral disease, leptospirosis, Toxoplasma gondii, Neospora caninum, Campylobacter ssp., and Ornithodoros coriaceus, and further studies are needed to investigate the presence of these agents [31] [32] [33] [34] . A recent study investigating reproductive failure in cattle in Ethiopia indicated that Neospora caninum infection might have a greater impact than infection with Brucella [35] . Moreover, the risk of abortion could be increased for coinfections [36] . Nevertheless, bovine brucellosis appears to be widespread in the Eastern Indonesian archipelago: a summary of our laboratory records for samples submitted during the past two year for routine serological testing for brucellosis revealed that seropositive animals have been detected in thirteen out of 30 districts in Sulawesi (N = 2.429 samples; 14.6% seropositive, range 0-100%) investigated, in four out of five districts in the Maluku (N = 768 samples; 3.4% seropositive, range 0-14.4%), and in one out of five districts in Papua (N = 80 samples; 2.5% seropositive, range 0-33.3%). Transmission and spread of B. abortus is by intrauteral infection of the fetus, through ingestion of contaminated milk by offspring and through direct or indirect mucosal contact with fluids and tissue associated with birth or abortion of infected fetuses [37] . If farm sanitation is insufficient and infected animals are not kept separated, stables, meadows, food stocks and water points may all become contaminated and function as sources for further transmission. Several factors that perpetuate the transmission of infectious diseases are present in South Sulawesi. Sanitary conditions are poor at many farms, cattle are brought to common water sources for drinking and may be kept at common pastures during the day. The relatively high cattle density is another factor of concern [2]. In addition, knowledge of farmers of infectious agents and of preventive measures is very limited. Discussion with farmers in the study area have indicated that most farmers consider abortion as a natural but premature delivery and do not associate abortion with disease. Similarly, farmers do not recognize hygroma as a disease presentation. Migration and trade of livestock and the absence of control measures could be important as well. Clearly better information to inform farmers about the causes, consequences and risks of infection is needed [38] . Given the high seroprevalence a well-designed disease education and information program for farmers could be an essential components of a brucellosis control and prevention program. Awareness of farmers of the risks and consequences of infection will increase commitment to participate and contribute to the success of such a program by accepting and implementing measures.
The RBT as screening test together with the CFT for confirmation is considered adequate for the serodiagnosis of Brucella infection in livestock. Direct proof for the infection is obtained after isolation of the pathogen by culture. During the field work two cows were identified with an hygroma at the knee. Hygroma fluid was collected from both cows and after culture isolates were obtained and identified as B. abortus biovar 1 by classical biotyping. The two cows turned out to be seropositive. Because of practical and logistic reasons no attempts were made to culture Brucella from a larger series of seropositive animals identified during the field work. However, MLVA-16 genotyping of a collection of Brucella isolates cultured from hygroma fluids and lymphogranular biopsies established between 1990 and 2011 from cows in various districts in South Sulawesi revealed the presence of a confined group of six B. abortus biovar 1 genotypes that appeared to be very closely related to the two genotypes identified during the present serosurvey. One of the genotypes (BInd33) appeared to be identical to that of a B. abortus biovar 1 strain (strain BfR91) isolated in 1996 from a cow in Switzerland [20] . Two B. abortus biovar 1 genotypes found in South Sulawesi had also been isolated from cattle in East Timor indicating their widespread distribution in the archipelago. Cattle is frequently traded between the various islands of the Indonesian archipelago and without testing and the enforcement of transport restrictions for positive livestock pathogens may be easily spread to other islands and provinces. In the B. abortus biovar 1 dendogram the Indonesian isolates seem to form a distinct branch that also encompass the BfR91 isolate from Switzerland that is identical to one of the Indonesian genotypes (BInd33), a genotype identified in Zimbabwe (genotype BfR96) and the RB51 vaccine strain (genotype BCCNV5) that was isolated in the USA. The dendogram contains two other main branches made up by isolates mainly from Portugal. It should be noted that genotyping has been done for isolates from only few countries and that the number of isolates originating from Africa, the Americas and Asia that have been characterized is still very small making the picture of the variation and geographic distribution of B. abortus biovar 1 genotypes incomplete. The close genetic relationship of the Indonesian genotypes with specific genotypes from Europe, Africa and America could indicate that pathogens with very similar genotype have been spread to countries on different continents. In the past cattle such as Frisian breed was imported in Indonesia from other continents including Europe and Australia. Alternatively, genotypes may have been evolved independently in different geographic regions. The low degree of diversity in MLVA-16 pattern for the B. abortus isolates from Indonesia implies that the value of MLVA-16 genotyping for source tracing as suggested in a previous study is limited [39] . The BInd01 genotype was isolated nineteen times during a period of almost two decades and from cattle examined at widely different geographic locations in South Sulawesi, Southeast Sulawesi and East Timor demonstrating the enormous risk of spreading the infection if measures to control transmission are not in place and enforced.
The CFT and the RBT are complex and time consuming and require a dedicated laboratory. The Brucella LFA is very simple to perform and easily can be used in the field. Consistent with earlier observations this assay is highly specific and sensitive and can be used as a user-friendly field test for the rapid assessment of infection with Brucella. The estimated sensitivity of 87.5% and specificity of 98.1% calculated for the LFA are well in agreement with earlier reports of studies performed in Portugal [8] , Cameroon [9] and Nigeria [10] . The field teams considered the assay to be fairly easy and rapid to perform in the field. While the Brucella field assay may be used to access the presence and importance of bovine brucellosis in an area additional screening in CFT may be needed to exclude false-negative results. Notably, only few samples all with low CFT titers tested false-negative in the rapid test. Additional testing in the CFT would be useful if a control policy in addition to vaccination would include segregation of infected animals or a test and slaughter strategy.
Conclusions
B. abortus biovar 1 was isolated beef cattle in a major cattle rearing area with reproductive problems in South Sulawesi. B. abortus biovar 1 isolates from the Eastern Indonesian archipelago consisted of a confined group of closely related genotypes with one genotype identical to an isolate from Switzerland. A high seroprevalence was measured which however did not correlate with a history of reproductive failure. The potential detrimental effect of brucellosis on the productivity of the livestock sector calls for an urgent need for the development of a coherent control policy.
Methods
The research protocol for this study was approved by the ethical committee of the Hasanuddin University.
Study area, sample size and data collection
Because of the large number of cattle samples submitted for laboratory investigation from several districts of South Sulawesi testing positive for brucellosis and the growing concern about the health and productive of the cattle population, the central Indonesian government allocated a budget for vaccination of cattle in high prevalence areas.
In preparation of the vaccination campaign this seroprevalence study for bovine brucellosis was executed in the Pinrang district. This district is one of twenty-three districts of the South Sulawesi province and encompasses one of the major cattle rearing areas of the province. Previous vaccination for brucellosis in the area took place more than a decade ago. The planned vaccination campaign will use the S19 vaccine [14, 15] . The Pinrang district is divided in 12 subdistricts with 104 villages and 320.000 inhabitants and has a cattle population of 43.208 cows. Farmers in the district are registered and are obliged to keep written records documenting their livestock. These records include information on number and age of livestock present at the farm, reproduction, health issues and vaccination. Based on the livestock census data for the different subdistricts and villages and an assumed seroprevalence of 7%, a desired 95% agreement level, an accepted 5% error, a sample size calculation was performed using the Win Episcope 2.0 software package. The total samples size was calculated to be 315 (0.73%) cows at the district level with 5 to 14 cows per subdistrict and zero to 18 cows per village in dependence of the number of animals present. Farms and cows to be tested were selected by drawing random numbers. The cattle population and the number of cows tested in each subdistrict is indicated in Table 1 . Subdistricts with a small cattle population resulting in a sample size <1 were not included in the study. Different field teams visited the different subdistrict and information on reproduction and reproductive problems could be collected from the farmers in Lembang, the subdistrict with the largest cattle population but due to logistic reasons and time constraints this information was not obtained in the other subdistricts. Blood samples were collected from the jugular vein, allowed to cloth and after removal of the blood cloth transported on ice to the laboratory where they were frozen and tested within 1 to 14 days. The samples were collected between June and December 2011. None of the cows included had ever been vaccinated for brucellosis.
Rose Bengal test
The RBT using antigen was used as screening test for brucellosis [40] . The test was performed in WHO haemagglutination plates by mixing, using a clean rod, one drop antigen (Pusvetma, Surabaya, Indonesia) with one drop serum and incubation on a rotary shaker for exactly 4 minutes after which the test result was read. Any visible reaction was considered to be positive.
Complement fixation test
The complement fixation test (CFT) was used as confirmatory test [40] . The test was carried out in round bottomed polystyrene microtiter plates using a 2-fold serial dilution of 25 μl heat inactive serum sample mixed with 25 μl antigen (Synbiotics, USA) and 25 μl complement (BBVet, Maros, Indonesia). Plates were incubated at 37°C for 30 minutes after which 25 μl hemolysin sensitized red blood cells was added. After mixing and two further incubation steps first for 30 minutes at 37°C and next for 2-3 hours at 40°C results were read by scoring the degree of hemolysis.
Brucella lateral flow assay
The Brucella lateral flow assay (LFA) device for the serodiagnosis of bovine brucellosis was performed as described previously [17] . Briefly, 10 μl whole blood was applied to the sample well of the assay device immediately followed by the addition of 120 μl running fluid. The assay result was read after 10 to 15 min by visual inspection of the test and control lines for the presence of staining. Samples were scored positive when both the test and control lines stained and negative when staining at control line was observed and the test line remained negative. The LFA was applied on all 393 samples collected during the field work.
Brucella isolates
During the field work for this study seropositive cows with a hygroma at the knee were identified at two farms. Fluid collected from the two hygromas was placed in culture and yielded two Brucella isolates (BruSS41 and BruSS45). An additional 30 banked Brucella isolates were available for genotyping. These isolates that had been cultured from hygroma fluid and lymphoglandular nodules collected between 1990 and 2011 from cattle at farms and abattoirs sampled in the provinces of South Sulawesi (N = 24), Southeast Sulawesi (N = 1) and East Timor (N = 5). All isolations were done at the Disease Investigation Centre in Maros, South Sulawesi.
Multiple locus variable number tandem repeat analysis of Brucella genotypes
PCR based on multiple locus variable number tandem repeat analysis (MLVA) genotyping of Brucella isolates was performed with MLVA-16 panel 1 (bruce06, -08, -11, -12, -42, -43, -45 and −55) primer sets for species identification and MLVA-16 panels 2A (bruce18, -19 and −21) and 2B (bruce04, -07, -09, -16 and −30) primer sets for further subspecies differentiation [20] . PCR products were separated by electrophoresis on 2% (panel 1) or 3% (panel 2) agarose gels stained with ethidium bromide and viewed by UV illumination. The length of the PCR product was deduced in dependence of the expected tandem repeat unit by comparison with a 100 bp or a 20 bp molecular marker ladder. For each run, DNA control from two reference strains was carried along. In this study, we define a genotype as an isolate with a distinct MLVA-16 pattern. The distance between two genotypes is defined as the minimum number of changes in the number of repeats of any locus that converts one genotype to the other. The Hunter-Gaston index of diversity (D value) with 95% Confidence Intervals was calculated using an online tool (http://www.hpa-bioinformatics.org.uk/cgibin/DICI/DICI.pl). MLVA-16 patterns were compared with isolates in the public database Brucella 2010 (http://mlva.u-psud.fr; accessed May 2012) using cluster analysis performed by unweighted pair group method with arithmetic mean (UPGMA) algorithm [41] [42] [43] . Treedyn was used to generate a rooted tree for B. abortus biovar 1 MLVA-16 genotypes.
Statistics
Univariate analysis was used to determine risk factors for being seropositive. Prevalence ratios were calculated using unconditional maximum likelihood estimation and Fisher exact P-values. The agreement beyond chance (kappa value) was calculated to determine the relation between serological tests results obtained with two different tests. Spatial clustering of calf mortality was tested for using Moran's I statistic.
